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0 Passively cooled catalytic combustor for a stationary combustion turbine. 



@ A catalytic combustor unit for a stationary com- 
bustion turbine includes a substrate (60) having a 
series of generally parallel passages (64) receiving a 
heated flow of fuel and air mixture with a catalyst 
coating applied on the wall surfaces of certain ones 
(64A) of the passages (64), whereas the others (64B) 
are free of the catalyst coating such that in the 
catalyzed passages the mixture is cataJytically reac- 
ted and in the non-catalyzed passages the mixture 
provides for cooling of the substrate but upon dis- 
charge from these passages and mixing with the hot 
catalytically reacted gases is also combusted. 
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PASSIVELY COOLED CATALYTIC COMBUSTOR FOR A STATIONARY COMBUSTION TURBINE 



The present invention relates generally to sta- 
tionary combustion turbines and, more particularly, 
is concerned with a catalytic combustor employing 
an arrangement of catalyzed and non-catalyzed 
substrate passages for providing passive cooling of 
the catalytic combustor. 

In the operation of a conventional combustion 
turbine, intake air from the atmosphere is com- 
pressed and heated by rotary action of a multi- 
vaned compressor component and caused to flow 
to a plurality of combustor components where fuel 
is mixed with the compressed air and the mixture 
ignited and burned. The heat energy thus released 
then flows in the combustion gases to the turbine 
component where it is converted into rotary energy 
for driving equipment, such as for generating elec- 
trical power or for running industrial processes. The 
combustion gases are finally exhausted from the 
turbine component back to the atmosphere. 

Various schemes have been explored to adapt 
combustion turbines for the aforementioned uses 
without exceeding N0 X emission limits. The use of 
catalytic combustion is a promising approach be- 
cause it can occur at about 2300 to 2500 degrees 
F to produce a high turbine inlet temperature for 
turbine operating efficiency without any significant 
side effect NO x generation from reactions between 
nitrogen and oxygen which occurs at temperatures 
over 3000 degrees F. In contrast, conventional 
flame combustion at about 4500 degrees F results 
in NO x generation which typically exceeds the lim- 
its set in more restrictive areas such as California. 

In a typical catalytic combustor, such as dis- 
closed in U.S. Patent No. 4,413,470 and Canadian 
Patent No. 1,169.257, active catalysts being sup- 
ported (i.e. coated) on various substrates (e.g. ce- 
ramic honeycomb structures) provide an effective 
means of initiating and stabilizing the combustion 
process when they are used with suitable mixtures 
of fuel and air. These combustion catalysts have 
several desirable characteristics they are capable 
of minimizing NO x emission and improving the 
pattern factor. However, one of their limitations is 
that their maximum operating temperature tends to 
be only marginally acceptable as a turbine inlet 
temperatur . 

This limitation is inherent in the way the typical 
catalytic combustor operates. Catalysts initiate the 
combustion reaction at their surfaces and at tem- 
peratures lower than normal ignition temperature. 
However, once the reaction is initiated, it continues 
in the gas stream and persists beyond the catalyst 
in th form of afterburning. Simultaneously, the 
catalyst substrate temperature increases, resulting 
in an accelerat d reaction which moves the reac- 



tion zone further upstream in the catalyst. The 
result may be damage of the catalyst and/or cata- 
lyst substrate if the fuel/air ratio is such as to giv 
an excessive catalyst outlet temperature. Presently 
5 available catalysts have the capability of extended 
operation at about 2289 degrees F (1527 degrees 
K). However, a turbine inlet temperature of around 
2500 degrees F (1650 degrees K) is desired. Thus, 
given the aforementioned current catalyst tempera- 
70 ture limits, the catalyst is clearly Incapable of pro- 
viding such turbine inlet temperature. 

Accordingly, it is the principal object of th 
present invention to provide for a technique for 
meeting turbine inlet temperature requirements 
15 without damaging the catalyst 

With this object in view, the present invention 
resides in a catalytic combustor unit for a station- 
ary combustion turbine, the combination compris- 
ing (a) a substrate composed of a plurality of 
20 generally parallel passages open at their opposite 
ends and exposed to a heated flow of fuel and air 
mixture therethrough; characterized in that only se- 
lected ones of said passages are coated with a 
catalyst while others of said passages are free of 
25 said catalyst so as to proviso said substrate with 
an arrangement of catalyzed passages in which 
said mixture is catalytically reacted and non-cata- 
lyzed passages in which said mixture is substan- 
tially not reacted , but instead provides for cooling of 
30 said substrate, the mixture from said non-catalyzed 
passages being mixed with the gases from said 
catalyzed passages for immediate combustion 
downstream of said catalytic combustor unit ar- 
rangement of catalyzed and non-cataJyzed sub- 
35 strate passages provided for passive cooling of the 
catalytic combustor which permits the catalyst to 
function with higher reaction temperatures than oth- 
erwise possible and permit the application of the 
catalytic combustor in higher firing rate combustion 
40 turbines. By applying a catalytic coating to a frac- 
tion of the walls of the parallel passages of a 
combustion catalyst substrate, the uncoated pas- 
sages act to cool the common walls exposed the 
reacting flow in the coated passages. Additional 
45 applications of the invention include tailoring cata- 
lyst reactivity to fuel preparation zon characteris- 
tics and/or to turbine inlet pattern factor require- 
ments. 

Preferably, the substrate is composed of a 
so plurality of intersecting walls defining the generally 
parallel passages being aligned in rows and col- 
umns. The walls have sections which border and 
define the respective passages. Each wall section 
is in common with two adjacent passag s and has 
a pair of oppositely-facing surface regions, one of 
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which is expos d to one of the two adjacent pas- 
sages and the other exposed to the other of the 
two adjacent passages. 

Furthermore, the catalyst coating is applied on 
selected ones of the wall surface regions exposed 5 
to certain ones of the passages, whereas selected 
others 1 of the wall surfaces exposed to certain oth- 
ers of the passages are free of the catalyst coating. 
In such manner, the substrate is provided with the 
arrangement of catalyzed passages in which the 10 
mixture is catafyticafly reacted and non-catalyzed 
passages in which the mixture is substantially not 
reacted but instead provides passive cooling of the 
substrate. Also, the selected ones of the surface 
regions having catalyst coating thereon and the 75 
selected others of the surface regions being free of 
catalyst coating are on common wall sections such 
that a catalytic reaction can occur in those pas- 
sages bordered by the. catalyzed surface regions 
concurrently as cooling occurs in those passages 20 
being adjacent thereto and bordered by the non- 
catalyzed surface regions. 

Any arrangement of catalyzed and non-cata- 
lyzed passages is possible. In one arrangement, 
the catalyzed to non-catalyzed passages are in a 25 
ratio of one-to-one. In another arrangement, they 
are in a ratio of three-to-one. 

The present invention will become more readily 
apparent from the following description of an illus- 
trative embodiment of the invention shown in the 30 
attached drawings in which: 

Figure 1 is a cutaway side elevational de- 
tailed view of a conventional stationary combustion 
turbine. 

Fig. 2 is an enlarged view, partly in section, 35 
of one of the combustors of the turbine of Fig. 1 
modified to incorporate a catalytic combustor con- 
structed in accordance with the principles of the 
present invention. 

Fig. 3 is an enlarged view, partly in section, 40 
of the catalytic combustor of Fig. 2, also illustrating 
the downstream end of a combustor and upstream 
end of a transi tion duct which both are positioned 
in flow communication with the catalytic combustor. 

Fig. 4 is a schematic longitudinal sectional 45 
view of a portion of the substrate of the catalytic 
combustor, illustrating catalyzed and non-catalyzed 
passages therein. 

Fig. 5 is a schematic end view of the cata- 
lytic combustor substrate, illustrating one arrange- so 
ment of the catalyzed and non-catalyzed passages 
in a on -to-one ratio therein. 

Fig. 6 is aJso a schematic end view of the 
catalytic combustor substrate, illustrating another 
arrangement of th catalyzed and non-catalyzed 55 
passages in a thre -to-one ratio therein. 

Fig. 1 shows in detail a combustion turbine 10 
of th type used for driving equipment (not shown) 



for generating electrical power or for running indus- 
trial processes. The particular turbine of the illus- 
trated embodiment is Westinghouse model W501D, 
a 92 megawatt combustion turbine. The combus- 
tion turbine 10 basically includes a multi-vaned 
compressor component 12 and a multi-vaned tur- 
bine component 14. The compressor and turbine 
components 12. 14 both have opposite inlet and 
outlet ends 16, 18 and 20, 22 and are mounted on 
a common rotatable shaft 24 which defines a lon- 
gitudinal rotational axis A of the turbine 10. 

Also, the turbine 10 includes a plurality of 
hollow elongated combustor components 26, for 
instance sixteen in number, being spaced circum- 
ferehtially from one another about the outlet end 18 
of the compressor component 12 and radially from 
the longitudinal axis A of the turbine. The combus- 
tor components 26 are housed in a large cylindrical 
casing 28 which surrounds the compressor compo- 
nent outlet end 18. The casing 28 provides flow 
communication between the compressor compo- 
nent outlet end 18 and inlet holes 30 in the up- 
stream end portions 32 of the combustor compo- 
nents 26. Each of the downstream ends 34 of the 
respective combustor components 26 are connect- 
ed by a hollow transition duct 36 in flow commu- 
nication with the turbine inlet end 20. 

Referring also to Fig. 2, a primary fuel nozzle 
38 and an igniter (not shown), which generates a 
small conventional flame (not shown), are provided 
in communication with a primary combustion zone 
40 defined in the interior of the upstream end 
portion 32 of eaeh combustor component 26. For- 
wardmost ones of the inlet holes 30 of the respec- 
tive combustor components 26 provide flow com- 
munication between the interior of the casing 28 
and the primary combustion zone 40. In addition, a 
plurality of secondary fuel nozzles 42 are provided 
along each of the combustor components 26 and 
align with rearwardmost ones of the inlet holes 30 
and a fuel preparation zone 44 located downstream 
of the primary combustion zone 40. Between the 
fuel preparation zone 44 and the transition duct 36 
is located a catalytic combustor unit 46 composed 
of a pair of tandemly-arranged catalytic elements 
48. 50. 

In the conventional operation of the turbine 10, 
intake air from the atmosphere is drawn into the 
compressor component 12 through its inlet end 16, 
and then compressed and heated therein, by rota- 
tional movement of its vanes with the common 
shaft 24 about the axis A. The compressed and 
heated air is caus d to flow in the direction of th 
arrows in Rg. 1 through th compressor compo- 
nent 12 and the casing 28 and into the plurality of 
combustor components 26 through th ir inlet hoi s 
30 in the upstream end portions 32 thereof. 

Carbon fuel from th primary fuel nozzle 38 
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flows into the primary combustion zone 40 where it 
is mixed with the heated and compressed air and 
the mixture ignited and burned, producing a flow of 
hot combustion gas. At the fuel preparation zone 
44, more carbon fuel from the secondary fuel noz- 
zles 42 is entrained and burned in hot gas flow. 
The hot gas flow then enters the catalytic com bus- 
tor unit 46 where catalytic combustion occurs. The 
heat energy thus released is carried in the com- 
bustion gas flow through the inlet end 20 of the 
turbine component 14 wherein it is converted into 
rotary energy for driving other equipment, such as 
for generating electrical power, as well as rotating 
the compressor component 12 of the turbine 10. 
The combustion gas is finally exhausted from the 
outlet end 22 of the turbine component 14 back to 
the atmosphere. 

As shown in Fig. 3 t the catalytic combustor unit 
46 includes a can 52 within which a catalytic mono- 
lithic honeycomb structure is supported in the form 
of elements 48, 50, which are substantially identical 
to one another. The catalyst characteristics may be 
as follows: 



DATA FOR DXE-422 CATALYST 



1. Substrate 

Size (5 cm + 5 cm) long - (6.3 mm gap 

between two elements) 

Material Zircon Composite 

Bulk Density 0.51-0.54 kg/m s 

Cell Shape Corrugated Sinusoid 

Number 40 Channels/cm 2 

Hydraulic Diameter 0.97 cm 

Web Thickness 0.254 mm 

Open Area 65.5% 

Melting Temperature 1675* C 



II. Catalyst 

Active Component Palladium 
Washcoat Stabilized Alumina 

As conventionally known, the catalytic can 52 
is mounted in a clam shell housing 54. Within the 
can 52, a compliant layer 56 surrounds th mono- 
lithic catalytic elements 48, 50 to absorb vibrations 
imposed from xtemal sources. The transition duct 
36 and the combustor component 26 are con- 
nect d through the shell housing 54 of the catalytic 
unit 46. As a r suit, hot gas flows along a gen rally 



sealed path from the fuel preparation zone 44, 
through the catalytic elements 48, 50 where cata- 
lytic combustion occurs when the hot gas contains 
a fuel-air mixture, and finally through the transition 
5 duct 36 to the turbine component 14 inlet end. The 
mounting of the catalytic unit 48 to. the combustor 
component 26 and transition duct 36 and of the 
catalytic elements 48, 50 in the can 52 are de- 
scribed in detail in aforecited U.S. Patent 
w 4.413,470. Since such mounting arrangements form 
no part of the present invention, they will not be 
repeated herein. 

Turning to Figs. 4-6. the present invention re- 
lates to the configuration of the catalyst coating 58 
rs applied in the honeycomb structure of the catalytic 
elements 48, 50. In the preferred embodiment, th 
honeycomb structure of each element 48. 50 is per 
se a conventional cylindrical monolithic substrate 
60 composed of a plurality of criss-cross intersect- 
20 ing wails 62 defining a series of generally parallel 
passages 64, being generally rectangular In cross- 
section, aligned in rows and columns and extend- 
ing between and open at upstream and down- 
stream ends 66. 68 thereof. 
25 As is readily apparent in Figs. 4-6. 
successively-located sections 70 of the walls 62 
border and define the respective passages 64. 
Each wall section 70 is common to two adjacent 
passages 64 and has a pair of oppositely-facing 
30 surfaces 70A, 70B, one exposed to one of the two 
adjacent passages 64 and the other exposed to the 
other of the two adjacent passages. 

The catalyst coating 58 is applied on selected 
ones of the wall surfaces 70A. 70B exposed to 
35 certain ones of the passages 64A, whereas se- 
lected others of the wall surfaces 70A, 708 ex- 
posed to certain others of the passages 648 are 
free of the catalyst coating. In such manner, the 
substrate 60 is provided with the desired arrange- 
40 ment of catalyzed passages 64A in which the mix- 
ture is catalytically reacted and non-catah/2ed pas- 
sages 64B in which the mixture is substantially not 
reacted but instead provides passive cooling of the 
substrate 60. 

45 It will also be observed that the selected ones 
of the wall surfaces 70A 70B having the catalyst 
coating 58 thereon and the selected others of the 
wall surfaces 70A. 70B being free of catalyst coat- 
ing can be on common wall sections such that a 
50 catalytic reaction can occur in those passages 64A 
bordered by the catalyzed surfaces concurrently as 
cooling occurs in those passages 64B being adja- 
cent th reto and bordered by the non-catalyzed 
surfaces. Any arrangement of catalyzed and non- 
55 catalyzed passag s is possible. In one arrange- 
ment shown in Fig. 5, the catalyzed passages 64A 
to non-catalyzed passages 64B ar in a rati of 
one-to-one. In another arrangement shown in Rg. 
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6, the catalyzed passages 64A to non-catalyzed 
passages 64B are in a ratio of three-to-one. 

A catalytic combustor unit 46 thus provided 
with such passive substrate cooling will be able to 
operate with a richer mixture of fuel and air (i.e., s 
higher firing rates) and at lower velocities without 
overheating and damaging the catalyst or catalyst 
substrate. This, in effect, serves to raise the maxi- 
mum temperature of the catalyst. Another advan- 
tage of the arrangement of the present invention is 10 
that the reacting passages provide stable, high 
temperature, continuous, and uniform ignition sour- 
ces for the balance of the urireacted mixture which 
then burns at the desired high temperature just 
downstream of the catalytic combustor unit In ef- is 
feet, the unit is a hybrid of a catalytic combustor 
and a flameholder. 

It is recognized that any hot surface acts as a 
catalyst to some degree, hence even the non- 
catalyzed passages 64B may tend to provide some 20 
surface combustion. This effect will be minimized 
by selecting a ceramic base material with minimal 
catalytic properties. It may also be possible to 
control the boundary layer, decrease the surface 
area, decrease the residence time, and perhaps 25 
even provide a chain breaking or ignition delaying 
surface, such as P2OS. 

By means of the present invention, the cata- 
lytic elements can be engineered to provide the 
reactivity across the unit best tailored to the fuel 30 
preparation zone characteristics, or to the require- 
ments of the turbine inlet pattern factor. 



Claims 35 

1. In a catalytic combustor unit (46) for a sta- 
tionary combustion turbine (10), the combination 
comprising: 

(a) a substrate (60) composed of a plurality 40 
of generally parallel passages (64) open at their 
opposite ends (66, 68) and exposed to a heated 
flow of fuel and air mixture therethrough; character- 
ized in that only selected ones of said passages 
(64A) are coated with a catalyst (58) while others of 45 
said passages (64B) are free of said catalyst (58) 
so as to provide said substrate (60) with an ar- 
rangement of catalyzed passages (64A) in which 
said mixture is catalytically reacted and non-cata- 
lyzed passages (64B) in which said mixture is 50 
substantially not r acted but instead provides for 
cooling of said substrate (60), the mixture from said 
non-catalyzed passages being mixed with the gas- 
es from said catalyzed passages for immediate 
combustion downstr am of said catalytic combus- 55 
tor unit 



2. The unit (46) as recited in Claim 1, char- 
acterized in that said substrate (60) includes a 
plurality of intersecting walls (62) defining said pas- 
sages (64A, 64B) and having respective surface 
regions (70A, 70B) being coated and not coated 
with said catalyst (58). 

3. The unit (46) as recited in Claim 1, char- 
acterized in that said substrate (60) includes a 
plurality of wails (62), each of said walls (62) having 
sections (70) which border and define the respec- 
tive passages (64), each wall section (70) being in 
common with two adjacent passages (64) and hav- 
ing a pair of oppositely-facing surface regions (70A, 
70B), one of which is exposed to one of said two 
adjacent passages (64) and the other exposed to 
the other of said two adjacent passages (64). 

4. A unit (46) as recited in Claim 3, character- 
ized in that selected ones of said surface regions 
(70A, 70B) of said wall sections (70) are coated 
with said catalyst (58) and selected others of said 
surface regions (70A, 70B) of said wall sections 
(70) are not coated with said catalyst (58) such that 
a catalytic reaction can occur in a passage (64A) 
bordered by said one catalyzed surface regions 
(70A, 70B) of a common wall section (70) concur- 
rently as cooling occurs on said other opposite- 
facing non-catalyzed surface region (70A, 70B) of 
said same common wall section (70). 

5. A unit (46) as recited in any of claims 1 to 4, 
characterized in that said catalyzed to non-cata- 
lyzed passages (64A, 64B) are in a ratio of one-to- 
one. 

6. A unit (46) as recited in Claims 1 to 4 
characterized in that said catalyzed to non-cata- 
lyzed passages (64A, 64B) are in a ratio of three- 
to-one. 
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